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Doença de Crohn: fator de risco para o carcinoma colorretal
Palavras-chave: Objetivo: O objetivo deste trabalho é descrever os mecanismos responsáveis pelo aumento do risco de carcinoma colorretal na doença de Crohn.
Introduction
Inflammatory bowel diseases, of which Crohn's disease (CD), familial adenomatous polyposis, and the non-polypoid hereditary form are examples, are three diseases that confer a high risk of colorectal carcinoma (CRC). 1 CD is a chronic, progressive disease characterized by a proinflammatory state. The quality of life of these patients is affected substantially, although benefits have occurred with the appearance of various therapies. 2, 3 The multifactorial etiology of this disease is not fully known, but some pathophysiological mechanisms underlying it have been described. 4 CD is characterized by chronic diarrhea (the symptom most often present), weight loss, blood loss and abdominal pain. All the gastrointestinal tract can be affected, and distal ileum and colon are the parts most often affected. [3] [4] [5] [6] For the progression of this disease, genetic and environmental factors and dysbiosis are contributing factors. 2, 3, 7 About 2 million Americans and Europeans suffer from CD, and its diagnosis is established mainly in the 2nd or 3rd decade of life. 7 CD may have intestinal and extra-intestinal manifestations, and the disease shows two predominant patterns. According to the Montreal classification, patients are categorized according to their age at diagnosis, and disease location and behavior. With regard to age at diagnosis, the categories are ≤16 years, between 17 and 40 years, and ≥40 years. The disease can be found in the ileum, colon, ileum-colon, or upper gastrointestinal tract, showing a non-stenotic/nonpenetrating behavior, a stenotic behavior, or a penetrating behavior. 8 CRC arises due to a dysplasia of intestinal mucosa and is more common in these patients versus the general population. Thus, this inflammatory disease is a risk factor for CRC occurrence. 5, 9, 10 CRC can cause death in these patients, and the diagnosis is rarely established before 7 years of disease progression. 7, 11 There is no consensus as to the quantification of risk since this is influenced by several factors. 12 The prognosis of CD varies from patient to patient, but there are some factors which lead to a worse outcome, including the perianal disease and the presence of upper gastrointestinal tract lesions, as well as an extensively affected colon. ). The inclusion criteria were: studies published in the last 10 years and articles written in Portuguese, English or Spanish. The titles and abstracts were read, and 75 articles were selected.
Material and methods

On
On December 22, 2015, a new search was conducted with the aim of updating the bibliography; the same query and the same inclusion criteria used in the previous survey were employed, and 48 articles were obtained.
Additional studies relevant to the issue in question were also included, through a cross-search with the articles already included, and a book relevant to the subject matter.
A total of 50 references were obtained.
Results
Epidemiology
Inflammatory bowel disease, which includes CD, is more prevalent in developed countries; this leads one to think of Westernization as a risk factor for this condition. Dietary habits and lifestyle contribute in some way to its appearance. One of the diagnostic peaks occurs in patients aged between 15 and 30 years, and 30% of patients are diagnosed under the age of 20 years. 13, 14 The second peak occurs between 60 and 80 years, with a lower incidence versus the first peak. 15 In CD, the inflammation occurs transmurally. The most commonly affected locations are the terminal ileum and colon. At the time of diagnosis, 40% of patients exhibit an ileocolic location, 30% suffer from an isolated ileal disease, and 30% are affected only in the colon. Approximately 5-10% of patients exhibit associated lesions of the upper gastrointestinal tract, and 20-30% show perianal disease. 2 The control of the disease with medical therapy, particularly with biological agents, constitutes an advantage for these patients; but despite the advances in science and in pharmacotherapy, the risk of complications involving bowel resection remains in the range of 80%. 12, 16 Perianal lesions, i.e., ulcers, fissures or fistulas, are complications present in 20% of patients at diagnosis. 5 Despite the medical therapeutic efficacy, the percentage of refractory patients spins around 25-30%. All these aspects contribute to an inadequate control of the disease. 7 CRC can arise in the context of CD, with a location in areas of chronic inflammation. Regarding the quantification of risk, the results of the studies are mixed. Some studies point to a risk 2-3 times higher, while other studies cite a risk six times higher. Each year, approximately 900,000 new cases of CRC and 500,000 deaths occur worldwide. This cancer accounts for about 10-15% of deaths in patients with inflammatory bowel disease and the amount attributable to CD has not yet been determined. 10, 11, 14, 17 Other studies report that 1 in 12 deaths of patients with Crohn's disease is caused by CRC. 1 The first case of CRC related to CD was described in 1948, and since then the cause of this association is not yet fully understood. In fact, the risk exists, but its magnitude has not yet been determined accurately. 13 The incidence of CRC related to CD is variable, reaching higher values in tertiary hospitals, where the inflammatory disease attains more severe stages. 12 Studies related to this association found that there is a cumulative risk of CRC development. In evaluating a population of Eastern Europe 20 years after the diagnosis, the cumulative risk was estimated at 1.1% (95% CI: 0.6-1.7%). Another study found that the risk would be 2.9% after 10 years, 5.6% after 20 years, and 8.3% after 30 years. 13, 18 The risk of cancer varies with the location of the disease. When the disease affects only the colon, the relative risk is 5.6, while in the case of ileocolic involvement, the relative risk is 3.2; and studies in patients with extensive involvement of the colon resulted in a calculated relative risk of 23.8. 18 The presence of metachronous lesions is variable, ranging from a minimum value of 23% and a maximum of 70%. 19 Basseri et al. conducted a study in which patients with Crohn's disease were monitored for 17 years; these authors found a CRC development in 5.6% of the study population. 18 Other studies have concluded that there was a decrease in the incidence of CRC, but this finding can be explained by the onset of medical therapies increasingly effective, appropriate surgical treatment, and the existence of surveillance programs that allow an early detection of dysplasia. 1
Surveillance
An association between an increased risk of CRC in a Crohn's patient exists, although the mechanisms responsible have not yet been fully elucidated. 6 Thus, surveillance programs are of great importance and are aimed at reducing morbidity and mortality. 20, 21 Given that one of the diagnostic peaks occurs between 15 and 30 years, the development of CRC associated with CD is earlier than in the sporadic form, similar to what occurs in patients with Lynch syndrome. 10 Studies in patients with ulcerative colitis and CD revealed a very similar cumulative frequency after 20 years (8% vs. 7%, respectively). According to the American Gastroenterology Association (AGA), currently it is accepted that the risk of developing CRC is equivalent in both pathologies, and it was recommended that surveillance should begin eight years after the diagnosis. 22 The recommendations of the British Society of Gastroenterology (BSG) are toward an onset of monitoring about 10 years after diagnosis. 6, 10, 21 However, in a study conducted in a tertiary hospital, two cases of CRC with a one-year interval after the diagnosis of CD were related; the remaining cases were reported at intervals from 11 to 14 years. 12 The prognosis of both types of CRC may be more favorable with an appropriate surveillance, considering that the neoplastic progression to more advanced stages will be avoided. 10, 18, 23 In the case of establishing a diagnosis of primary sclerosing cholangitis (PSC), the surveillance should be started immediately, being held annually in accordance with the recommendations of the AGA. 22, 24 The evolution from an inflamed to a dysplastic mucosa may occur without macroscopically visible lesions, unlike what happens in patients with sporadic CRC, that in about 70-80% of cases follow the adenoma-carcinoma sequence. 10, 17, 25, 26 The lesions may be polypoid or flat, multifocal or unifocal. 27 Some studies have raised doubts about the efficacy of the surveillance with colonoscopy, as flat lesions are not visible and may not be targeted sites of randomized biopsies. The presence of dysplasia is a risk marker for carcinoma. 17, 25, 27 When the lesions are macroscopically visible, should be targeted for biopsy. 28 In the case of flat lesions, biopsies will be randomized, not targeted; with this, one will count on a sample of only 0.03% of the mucosal surface of the colon. Therefore, if a dysplastic area exists, and this area is not targeted for a biopsy, cancer will progress and the diagnosis will be delayed. 29 There is no consensus among different organizations and societies about surveillance strategies, which means that there are different recommendations. The application of surveillance strategies for all people with CD is not a consensual procedure. Studies were published arguing that surveillance should be carried out only for certain subgroups. The definition of these subgroups is based on factors that confer a greater risk of CRC, i.e., the extent and duration of the disease, and also an extrapolation from studies in patients with ulcerative colitis. Thus, these studies maintain that surveillance should be applied only to patients with a widely affected colon. 30 Other authors defined more specific conditions for surveillance recommendation, namely more than 1/3 of the affected colon and development of CD ≥ 8 years. 21 These are the criteria adopted by AGA to define which patients should undergo surveillance. 22 According to AGA, biopsies at every 10 cm (min: 33) shall be obtained. 21, 24, 29 Undefined results are an indication for a repeat examination after 3-6 months. The presence of highgrade dysplasia is an indication for colectomy. Therefore, the histological results define which procedure to perform: Surveillance colonoscopy, or surgical treatment. 18, 28, 31 AGA recommends conducting surveillance at intervals of 1-3 years, and never exceeding 8 years after diagnosis. 3, 24, 32 In the case of a positive family history for CRC in 1st-degree relatives, active inflammation and anatomical changes, for example, stenosis, monitoring intervals should be shorter. 22 BSG recommends that the colonoscopy should be carried out at intervals of 3 or 5 years, taking into account the underlying risk factors after 10 years. 3, 32, 33 As already mentioned, metachronous lesions may occur in a significant percentage of patients. Thus, dysplasia can be detected in more than one biopsy, and in more than one location. 31 The surveillance must be carried out in periods of remission unless in the case of a long-standing inflammation. 22 The evolution of technology has allowed the use of chromoendoscopy instead of randomized biopsies; by this method, the biopsies are directed, allowing greater efficiency in detecting dysplasia. 6 The chromoendoscopy allows the enhancement of dysplastic areas through light filters, or through agents such as methylene blue and indigo carmine. 29, 34 This type of endoscopy is recommended by various entities for the monitoring of patients at increased risk of CRC, for example, patients with CD. 34, 35 This diagnostic method allows an increase of 7% (95% CI: 3.2-11.3) in the detection of dysplasia versus white light endoscopy; but it remains to be seen what is its degree of technical influence on patient survival. Despite this uncertainty, the SCENIC consensus statement (Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients: International Consensus Recommendations) recommends chromoendoscopy as a technique of choice for monitoring dysplastic areas in patients with CD. 3 BSG also recommends chromoendoscopy as a monitoring method for all patients; but if this technique is not available, 2-4 biopsies every 10 cm should be obtained. 22, 29 On the other hand, AGA recommends chromoendoscopy only in special cases. 29 Techniques such as flow cytometry, immunohistochemistry, marker survey are essential to confirm the diagnosis of cancer. 4 Neoplastic biomarkers can also be another way to detect or confirm the presence of cancer; however, they are not part of the surveillance strategies. 12 The progress of anti-inflammatory therapy for CD and a proper monitoring of these patients have improved the diagnosis of CRC and increased survival. 17 Thus, surveillance strategies are an important way to improve the prognosis of these patients. Early diagnosis ensures a tumor detection in less advanced stages; thus, most frequently the treatment has a curative effect. 36 The surveillance has proved to be a powerful weapon in the fight against CRC, since the presence of symptoms can be nonspecific, perhaps implying difficulty with a diagnosis based only on clinical findings. 37 
Molecular changes
CRC development in patients with CD seems to be due to an interaction between genetic and acquired factors. The interaction between inflammation and regulatory genes of neoplastic pathways appears to play an important role in tumorigenesis. Some authors argue that the contribution from inflammation is more significant than the contribution of the genetic component. 18, 25, 27 Changes can occur in oncogenes, tumor suppressor genes (i.e., p53), and genes of DNA repair (MLH1, MSH2, MSH6). 18 The genetic alterations are present even before the occurrence of histological alterations of the mucosa. 27 The first genetic change related to CD was in NOD2/CARD15 (nucleotide-binding oligomerization domain containing 2/caspase recruitment domain-containing protein 15), which ultimately increases the production of pro-inflammatory cytokines. NOD2 protein is an intracellular sensor of bacterial peptidoglycans, which will act via nuclear factor kappa B (NF-kB). 14, 38 Thus, this genetic change helps to perpetuate inflammation, being indirectly related to carcinogenesis. 14 Pro-inflammatory factors play an important role in the development and evolution of CD, and there may also be changes in their genes. One of the altered genes can be the tumor necrosis factor ␣ (TNF-␣), which is located on chromosome 6. Polymorphisms occurring in the promoter region of this gene can alter cytokine production; thus, they can increase the susceptibility to conditions related to inflammation. 39 Thus, TNF-␣ contributes to inflammation in patients with CD, not only being involved in tumor proliferation, but also in the metastatic process. This factor is associated with an increased expression of cyclooxygenase-2 (COX-2), cell proliferation, and angiogenesis. 7 The presence of a mutation in the tumor suppressor gene p53 in differs in sporadic cases and in cases associated with CD. In the first situation, the mutation is present in advanced stages; however, in this latter situation the mutation may be present in the non-dysplastic mucosa. 10, 27 Mutations in E-cadherin gene are one type of genetic change present in some cases. These mutations have been associated with the occurrence of cancer, i.e., gastric carcinoma; it is believed that this may be one of the mechanisms of carcinogenesis in CD.
Several studies have concluded that micro-RNAs (MIR) are involved in the pathophysiology of CD and CRC, and may be a key link in the relation of these two diseases. MIR may constitute early biomarkers of colon cancer and may also be important in the detection and prevention of breast cancer. Two types of MIR were described: those promoting tumor survival and growth (onco-micro-RNA) and those which suppress neoplastic progression (micro-RNA tumor suppressor). The second type of MIR, above mentioned, is that that is most often related to tumorigenesis, and the mechanism underlying this situation is the retardation of its activity. MIR deregulation that exacerbates existing inflammation in CD may increase the risk of CRC in patients who already exhibit a somatic mutation. From the above, one can conclude again that the relationship between these disorders includes the interaction of several factors. One of the mechanisms by which MIR exacerbate the inflammation is the interaction with COX-2. MIR-26b has only one binding site located within the non-transcribed 3 zone of this enzyme, thus allowing its direct connection with the inflammatory process. 37 MIR-191 has also been associated with CD and CRC, diseases in which it shows an aberrant expression. In the case of CRC, MIR-191 levels may be increased or decreased. In most cases the levels are high, and the cases described with low levels are associated with a worse prognosis. In the case of CD, MIR-191 may also be changed, and apparently regulating innate and acquired immunity. 40 Autophagy seems to be another connecting link, acting as a tumor suppressor. 7, 14 The gene for autophagy, ATG16L1, can be changed. 38 During tumorigenesis, autophagy is negatively regulated by several genes. Defects in autophagy have been associated with several pathologies, including CD and CRC. 14 Oxidative stress and its underlying damage are changes that are present in CD and perhaps contributing to tumorigenesis. In the case of CD, an increase of reactive oxygen and nitrogen reactive species occurs, which in turn lead to alterations in DNA, RNA, proteins, and lipids. 23, 41 These genetic alterations that affect the immune system have been described in these two diseases, with an involvement of innate and acquired immunity. 23, 27 the result of these changes may be the loss of function of tumor suppressor genes, a gain of function of oncogenes, or loss of genetic stability. 11
Inflammation
CD is a condition in which, it is believed, non-pathogenic commensal bacteria trigger an unregulated immune response against the mucosa, whose function is to serve as a barrier. 42 Chronic inflammation is related to tissue damage and to the recruitment of immune system cells that act to perpetuate inflammation. There is also a rapid renewal of the colonic mucosa, which increases the risk of DNA damage. 11 Inflammation is a very important feature in CD, and several studies show that the increased neoplastic risk is due to their persistence, taking into account that the association between cancer and inflammation has been established. 18, 20 Thus, the risk is substantially larger in situations where the control of the inflammatory response is inappropriate. 43 the presence of pro-inflammatory cytokines carries a permanent pro-inflammatory state which increases the neoplastic risk. 18, 25 Inflammation promotes the creation of a suitable microenvironment for neoplastic formation and progression. Several mechanisms contribute to the development of this microenvironment.
The expression of some genes related to inflammation is increased in mucosa of these patients, particularly COX-2. 11 The induction of this enzyme occurs thanks to the activation of toll-like receptor-4 (TLR-4) and to the increased production of proinflammatory cytokines by immune system cells. 7, 23 This signaling pathway will lead to the production of prostaglandins in epithelial cells which, along with local cytokines, inhibit apoptosis, thereby favoring carcinogenesis. 23 The induction of COX-2 has another important consequence-the decrease of unesterified arachidonic acid. The importance of this fact lies in the pro-apoptotic function of this acid. In cases in which the acid is decreased, the apoptosis process also will be decreased, which promotes cell proliferation. 23 Aside TLR, there are other receptors that contribute to inflammation, the NOD-like receptors (NLRs). The first genetic change related to CD occurred precisely in one of these receptors, NOD-2. This receptor and NOD-1 contribute significantly to inflammation at the intestinal level. NOD-1 and NOD-2 recognize molecules, particularly bacterial peptidoglycans, which penetrate into cells by various processes, for example by phagocytosis. The binding of the peptidoglycans to NLRs activates pro-inflammatory and anti-microbial molecules. NLRs, in collaboration with TLRs, allow the detection of bacteria and activation of pro-inflammatory mechanisms. 44 Rodent studies have concluded that the deficiency of transforming growth factor beta (TGF-␤), exacerbates the activation of NF-kB and the secretion of proinflammatory cytokines, which protect cells from apoptosis. 7, 41 In patients with CD, in addition to changes in proinflammatory factors, alterations in cellular immunity also occur. The change of T cell phenotype is closely linked to the regulation of inflammation in CD as well as to related cancer; however, the results of previously published studies are contradictory. 43, 45 Regulatory T cells are a major intervening factor in the inflammatory process. An inappropriate response to the microflora plays an important role in the pathogenesis of CD. In this inflammatory disease, there is a change in the balance between regulatory T cells in the blood and in the inflamed site in the bowel and, in addition, there is an excess of pro-inflammatory stimuli. 18, 27 However, if on one hand it is believed that the regulatory T cells are important in controlling inflammation in CD and, therefore, have a protective role, on the other hand, it is known that, in the initial process of carcinogenesis, these cells suppress anti-tumor mechanisms, promoting neoplastic progression.
Studies in rodents showed that inflammation, in addition to its local role at bowel level, also acts at a distance, inducing thymic involution and therefore a change (i.e., a decrease) in the production of T cells. This suppression means that there will be less control of inflammation. 43 Smoking can also be detrimental to the progress of the disease by altering the gene expression and by contributing to inflammation. Thus, in smokers the progression of the disease tends to be more severe. 12, 38, 46 
Risk factors for colorectal carcinoma in patients with CD
The risk factors for CRC development are family history of CRC, the extent of the injury, disease duration, primary sclerosing cholangitis (PSC), histologic characteristics, disease phenotype and age at the time of diagnosis. 12, 23, 30, 47 The risk can be mitigated by an appropriate surveillance and surgical treatment when necessary. 12 The gender of the patient is not considered a risk factor, and there is a disparity between the results. There are studies indicating that the difference is not significant. However, other authors found results that point to an increased incidence in men. 6, 13 A family history of CRC is an important factor that doubles the risk. 24 A study concluded that the risk of CRC in patients with CD and with a history of 1st-degree relatives with this cancer is 3.7 times higher versus patients with no such family history. 11, 14 However, it is important to note that having a family member with DC does not increase the risk of CRC. 23 it is evident that family history is an independent risk factor, but is an indication for smaller surveillance intervals. 24 The risk of CRC is naturally higher in patients with extensive lesions in the colon. 1, 30, 31 is also known that, in many cases, cancer occurs along fissures and fistulas. 30, 31 A diagnosis established at an early age and the presence of active inflammation also represent risk factors, as discussed above. Studies have concluded that if the diagnosis is made before the age of 30 years, the relative risk shows a considerable increase. 11, 23, 48 The association between CD and PSC has been known since 1964. The coexistence of these diseases constitutes a summation with respect to CRC risk, with a contribution of inflammation in CD, and of the high concentrations of bile acids in the colon, secondary to cholangitis. 10 PSC is present in 1-3% of patients with CD, but there is no certainty about the actual risk of CRC in patients with both pathologies. 1 Phenotypic presentation in the form of stenosis can also affect the risk of developing CRC. Studies indicate an increased risk when the disease is stenotic. 13, 30 With the medical therapy used in the treatment, the patient can be kept in remission for long periods of time; thus, surgery is avoided. 6, 16, 49 The role of thiopurines in the risk of CRC is controversial. The purpose of using these drugs is the reduction of inflammation; therefore, its use should decrease the risk of CRC. However, one of the effects of immunosuppressive drugs is a greater neoplastic risk. In fact, thiopurines increase the risk of some cancers, including skin cancers and lymphomas, but because of its anti-inflammatory effect, the use of this drug seems to contribute to a decreased risk of colorectal neoplasia. In parallel, non-steroidal anti-inflammatory drugs also appear to lower the risk. 6, 16 CRC associated with CD develops mostly in young people and it appears to be a more diffuse, extensive, multifocal and mucinous disease when compared with sporadic CRC. This cancer usually appears on the right side, and this is related to the known higher frequency of inflammation at this location. 12, 18 
Discussion
An increase in the risk of CRC in patients with CD is a fact, despite the still incomplete knowledge of the mechanisms involved.
The value of the relative risk varies in different studies since this variable depends on several factors. The heterogeneity in the methodology observed in several studies complicates the comparison of results.
A decrease in the risk of CRC has been described; it is likely that this is due to improved surveillance methods, with the possibility of increasing early diagnoses.
The monitoring of these patients is aimed not only to control the inflammation of the underlying disease, but also to avoid CRC. Obtaining directed biopsies by chromoendoscopy is the most effective method; this enables a higher percentage of dysplasia detection, considering that most of the lesions are not visible by conventional colonoscopy.
In most studies, the interval from diagnosis of CD to the diagnosis of CRC was about 10 years. However, two cases of CRC, whose diagnosis was established one year after the onset of symptoms were related. The diagnosis of CRC may occur even before the diagnosis of CD. 12, 45 In these situations, the CRC appears to be an independent event CD.
The increased risk may also be explained by the fact that the genetic changes that lead to the emergence of CD can also contribute to the onset of CRC. 12 The presence of an affected colon entails increased risk because the underlying inflammation may contribute to carcinogenesis.
Regarding the intervening factors, some argue that the age of diagnosis cannot be considered as a true risk factor. These authors argue that the risk is related to the duration of the disease. Early diagnoses allow one to conclude that for the same age, such patients have a longer duration of the disease. 23 In the case of a CRC diagnosis in a patient with CD, it is important to distinguish whether the carcinoma is sporadic, whether it is associated with the inflammatory disease, or whether it is a case of Lynch syndrome. This is particularly relevant as it will influence the treatment offered, consisting in total colectomy in cases where the diagnosis of CRC is associated with CD or Lynch syndrome. The distinction can be performed based on the patient's MIR profile. In patients with Lynch syndrome, there is an increased expression of MIRs 16-2 and 30-a, while in those suffering from CD there is an increased expression of MIRs 191, 23b and 16. 32, 37 MIRs play an important role in CD and CRC, but there is a need for further studies so that one can be able to establish the actual diagnostic and prognostic value of such substances.
Conclusion
Inflammation is a key element in the association between CD and CRC, and its control decreases the risk of carcinogenesis. The pro-inflammatory state and molecular changes that occur partly explain the neoplastic risk underlying to this inflammatory disease.
Regarding CD, there are risk factors, in particular, the duration of disease (an already well-studied variable for ulcerative colitis, and now applied to CD) and the extent of colonic involvement.
Surveillance has become an increasingly important feature. In some cases, the conventional colonoscopy does not establish a diagnosis, and the appearance of chromoendoscopy increased the detection of a dysplastic mucosa. In those cases in which such a change is detected, the recommendation is to perform a complete colectomy.
Immunosuppression, along with the pro-inflammatory state, may explain this association although non-steroidal anti-inflammatory agents appear to delay the onset of cancer. The role of immunosuppression is controversial since studies have been published with different conclusions.
The use of appropriate surveillance protocols allows an early detection of the onset of cancer, and this translates into
